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Abstract 
Amino acid salts are of great interest as potential solvents for CO2 capture because they are considered to be 
environmentally friendly. In the present paper, results of experimental work with a pilot plant with 3.5M potassium 
sarcosine are presented. Both absorption kinetics and energy consumption are studied. The results show clearly that the 
amino acid salt system has a high absorption rate and high energy requirement compared to 30 wt-% MEA. The solvent 
system has been modeled in an in-house tool and simulation results are compared with the some performance results 
obtained experimentally. The soft-model approach developed for the potassium sarcosine solvent systems represents the 
absorber fairly well, while it seems to be too simplified to represent the stripper conditions. The present study is part of 
an ongoing EU project, Cesar. 
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1. Introduction 
Amino acid salts are of great interest as potential solvents for CO2 capture because they are considered to be 
environmentally friendly. Their prospects are strengthened by the fact that they are naturally present in the environment, 
and in addition, their ionic nature conveniently makes them less volatile [1]. As such, successful candidates will allay 
fear of the unknown dreaded for creating (perhaps potentially) worse problems: like the apprehension associated with 
amine solvents because their effects to the environment are neither sufficiently studied nor documented to date. 
Furthermore amino acid salt solutions have the same functional groups as alkanolamines, and their reactivity and CO2 
absorption capacity are comparable to aqueous alkanolamines [2,3]. Some interest has also been raised towards 
precipitating amino acid processes which theoretically have a low energy requirement [4]. However the potentially high 
energy requirement of the solvent regeneration has been a concern [5].  
    In the present paper, the experimental results of an amino acid neutralized by a salt are presented. Both absorption 
kinetics and energy consumption are studied. The present study is part of an ongoing EU project, Cesar. 
2. The laboratory pilot plant 
A simplified flowsheet for the pilot rig is illustrated in Figure 1. The absorber has an internal diameter of 0.15 m and a 
packing height of 4.26 m. The internal diameter of the stripper is 0.1 m and the packing height is 3.89 m. In both 
columns, absorber and stripper, Sulzer Mellapak 250Y is used as packing material.  
    Temperatures were monitored with PT-100 probes at the gas/solvent inlet and outlet streams of the absorber, the 
solvent inlet and outlet streams of the stripper, the vapour stream from reboiler and solvent in the reboiler. Axial 
temperature profiles were measured both in the absorber and stripper with PT-100 probes. A detailed description of the 
plant can be found from Tobiesen et al. (2007, 2008) [6,7].  
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Figure 1:  Simplified flow diagram of the laboratory pilot plant. 
   In the CO2 pilot plant, the liquid enters the top of the absorption column, trickles downwards and reacts with a gas 
containing CO2 which is fed from the bottom of the column. As the liquid reaches the bottom of the absorber, it is 
loaded with CO2 and can then be sent for regeneration in the stripper column via the heat exchanger EX01 and pre-
heaters HE01–03. The liquid flows from top to bottom in the stripper column and meets the upcoming vapour from an 
electrically heated reboiler. This vapour contains the energy required to regenerate the liquid and release CO2. The 
regenerated amine solution from the reboiler outlet flows through the cross flow heat exchanger EX01, into a mixing 
tank, through the heat exchanger (cooler) Ex02 to control the solvent temperature before entering the absorber from the 
top where the solvent meets the counter-flowing gas. 
    The released CO2 and water vapour leaving the top of the stripper is cooled down with two water condensers in series 
(only one condensor is shown in Figure 1). The water condensate is returned to the reboiler and the CO2 is mixed with 
the circulating gas coming out from the absorber. During the campaign the water wash section was operated with a 
constant water flow to control the temperature and humidity of the gas entering the absorber.  
2.1. Experimental procedure 
Before the campaign, the purity of sarcosine and potassium hydroxide (KOH) were tested and based on the results a 
mixture of 3.5 M potassium sarcosine (KSAR) was prepared. The amine concentration was monitored during the 
campaign by titration with Metrohm SM Titrino 702 titrator using H2SO4 and standard procedures. 
    During each test run, a sampling including 4 liquid samples were drawn from chosen places around the system, to 
obtain liquid species concentration and solvent density. These samples were liquid in absorber and liquid out from the 
absorber, liquid out of the stripper and liquid out from the reboiler. The samples liquid in absorber and liquid out from 
reboiler should be equal because the pilot is a closed system and sampling was done at steady state. The liquid samples 
were analysed for CO2 content of the liquid and for amine concentration.  
    When liquid samples were withdrawn, operational data were simultaneously obtained by averaging over a 15-30 
minutes interval around the sampling time. The plant was always run for at least 5 h after a change in operational 
conditions to ensure steady state operation. 
    A two-channel CO2 analyzer (Rosemount Binos 100) connected to the absorber inlet and outlet streams measured the 
CO2 content in the gas phase on a dry basis. The CO2 analyzers were calibrated once a day using gas mixtures produced 
from calibrated mass flow controllers (Bronkhorst Hi-Tec) for CO2 and N2. At least 4–5 different concentrations were 
used covering the whole range of interest. 
3. Results and discussion 
The absorbed amount of CO2 was calculated in two ways to ensure steady state conditions. The amount of absorbed 
CO2 was calculated using the CO2 concentrations measured with the IR-analysers and the gas flow measurement located 
prior the gas inlet to the absorber. Based on the analysis of the liquid samples and the liquid flow rate the amount of 
CO2 absorbed into the liquid was calculated. Error! Reference source not found. shows the parity plot of the CO2 
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absorbed from the gas phase compared to the CO2 transferred to the liquid. The mass balance was good during the 
campaign with average error of 4.7% between the CO2 absorbed from the gas phase compared to the CO2 transferred to 
the liquid phase.  
 
 
Figure 2: Parity plot of the mass balance between liquid and gas phase during the campaign. 
3.1. Absorption kinetics  
To be able to compare the tested amino acid salt system to 30 wt-% MEA, an overall gas side mass transfer coefficient 
was calculated from Equation 1: 
 
              (1) 
 
 
In the equation NCO2 is the amount of absorbed CO2 (mol/s), A is the mass transfer area (m2), and PLM is the 
logarithmic mean pressure of CO2 in the absorber. The equilibrium pressure of the solvent was assumed to be zero. In 
the overall mass transfer coefficient the absorbed amount of CO2 is divided with driving force and absorption area. 
   These data for 3.5M KSAR and for 30 wt-% MEA obtained by Tobiesen et al. (2007) are shown in Figure 3. Both 
data sets are gathered using the same pilot plant making the results easy to compare. The observable trends in Figure 3 
suggest that the KSAR seems to be somewhat faster compared to 30 wt-% MEA.  
 
 
Figure 3:  Overall gas phase mass transfer coefficient of the tested amino acid salt (mol/s m2 kPa) as function of mean 
loading. G/L is gas-liquid flow-rate relation on a volumetric basis. 30 wt-% MEA data is taken from ref [8]. 
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3.2 Energy requirement 
From the experiment results the specific reboiler duty (SRD) was calculated using equation 2: 
 
 
2LIQUID RICH LEAN CO
PSRD
V C C M

 
                                                                                 (2) 
Where  
 P = reboiler duty (kW) 
 VLIQUID = Liquid flow rate (l/s) 
 CRICH = Analysed CO2 concentration entering the stripper column (mol/l) 
CLEAN  = Analysed CO2 concentration out from the reboiler  (mol/l) 
2CO
M = Molecular weight of CO2 (g/mol) 
 
    In Figure 4, the energy requirement of the 3.5M KSAR is plotted as a function of rich loading. Additionally in the 
same Figure the energy requirement of 30 wt-% MEA is shown. Again the comparison of the data is easy since both 
data sets are measured using the same pilot plant. The energy requirement of 3.5M KSAR seems to be significantly 
higher compared to 30 wt-% MEA. Additionally the variation in rich loadings that were achieved with KSAR is 
narrower compared to 30 wt-% MEA. The reason is that during the campaign it was not possible to reach loadings 
lower than 0.3 molCO2/molamine group.  
 
 
 
 
Figure 4: Energy requirement of the stripper as a function of stripper inlet loading. The 30 wt-% MEA data is taken 
from ref [7].
    When comparing energy requirement of different solvent systems, it is also important that the operation conditions 
like pressure and temperatures as well as loading difference in the stripper are similar or that both data sets present  
typical operation conditions for the solvents. The heat required to regenerate the solution, SRD, depends on three terms:  
 
 SRD= qSENS+qvap,H2O+ qDES,CO2      (3) 
 
In the equation, qSENS is the sensible heat needed to raise the solvent from the temperature downstream the rich–lean 
heat exchanger to the reboiler temperature, qvap;H2O is the heat of evaporation required to produce stripping steam, and 
qDES represents the heat of reaction between the CO2 and solvent. This equation indicates that if the amount of stripped 
CO2 is low, the relative effect of sensible heat and heat due to water vaporization increases. Then SRD will be high due 
to the not optimal stripper operational conditions.  
    For that reason, it is important to ensure that the difference seen in the energy requirement is due to the solvents and 
not the way the pilot is operated. In Figure 5, the difference between rich and lean loading is shown for each solvent. It 
can be seen that the difference in loading seems to be slightly higher for KSAR compared to MEA. However, only 
small differences in rich and lean loadings were achieved for both campaigns. For MEA, this is due to way the 
experiments were planned, in which case, achieving the maximum difference between the rich and lean loadings was 
not the main objective.  
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Figure 5:  The energy requirement as a function of loading difference between rich and lean loadings in the two 
campaigns. The 30 wt-% MEA data is taken from ref [7].
In the KSAR campaign, however, one of the objectives was to find highest possible cyclic capacity, or in other words, 
trying to find the optimal cyclic capacity that would give the lowest energy consumption. During the KSAR campaign, 
no lean loadings below 0.3 molCO2/molamin group were reached even with very high energy input, from which it can be 
concluded that the cyclic capacity of 3.5M KSAR is limited to 0.2 molCO2/molamin group. 
    So the running conditions were more optimal for KSAR since the limit of lean loading was achieved with realistic 
rich loadings. In regards to MEA, the stripper was not operated in the most optimal way and most likely lower energy 
requirements for MEA would have been achieved by different way of operating the pilot. So even if the data sets were 
gathered using different campaigns with different objectives, it can be concluded that (based on the data), the energy 
consumption of 3.5M KSAR is significantly higher compared to that of 30 wt-% MEA. 
    In Figure 6, the reboiler temperatures during the KSAR campaign are compared with MEA whilst in Figure 7, the 
water condensate versus stripped CO2 for the campaigns are plotted. The reboiler temperatures with KSAR were up to 
129 oC during the campaign. This is significantly higher compared to MEA, indicating a low CO2 partial pressure over 
KSAR solution at reboiler temperatures. Additionally, a clear increase in the stripping steam requirement between 30 
wt-% MEA and KSAR are observed. Both of these findings support the overall conclusion that the energy requirement 
of KSAR is higher compared to MEA.   
 
                                             
Figure 6: Liquid temperature in the reboiler. The 30 wt-% MEA data is taken from ref [7].
    In the paper by Erga et al. (1995), 4M KSAR and 4M potassium Glycine (KGl) were tested [5]. In the paper based on 
equilibrium and pilot tests the steam consumption is estimated to be for the 4M KSAR 3.0 kg/kgCO2 for a plant with 3.8 
vol-% CO2 at the inlet of the absorber with approximately 90 % CO2 recovery. For potassium glycine the steam 
requirement is estimated to be very similar 3.2. The calculations are made using 140oC as the reboiler temperature. 
From the steam consumption the energy requirement can be calculated multiplying the values with heat of vaporization 
of water at 140oC giving 7.5 and 8.0 MJ/kgCO2 for 4M KSAR and 4M KGl respectively. These findings seem reasonable 
when comparing with the findings from the pilot tests with 3.5M KSAR. 
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Figure 7: Ratio between amount of water condensate and stripped CO2. The 30 wt-% MEA data is taken from ref [7]. 
4. Modeling
Efforts were made to model the absorption and stripping of CO2 using KSAR. This was done using CO2SIM: an in-
house (albeit professional software with features that in many ways surpass competing commercial software) simulation 
tool developed by SINTEF and is dedicated to the modelling and simulation of post-combustion CO2 capture processes.  
The model of the column module in CO2SIM is rate-based. However, there are three possible approaches regarding the 
thermodynamics. The simplest one is the "soft" model, which is used in the present study. This soft model implies 
among others that the vapour-liquid equilibrium (VLE) is described as temperature and loading dependent polynomial 
correlations fitted to the VLE data obtained. More information about this approach can be found in Kvamsdal et al. [8]. 
When validating a batch of experiments, especially for the absorber/stripper columns, the simulator first checks the 
mass balance of the experimental data as shown in Figure 2. This provides a very useful overview concerning the 
quality of the data. The modelling results for both the liquid and vapour phases were then compared; each against their 
experimental counter-parts. In order to evaluate the extent of agreement between experiment and theory, these two sets 
were scatter-plotted as shown in Figure 8 for the absorption of CO2: 
 
 
Figure 8: Parity plots for comparing the model and experiments. The solid lines represents y=x, where all the points 
should be lying in an ideal case. a) is the amount of CO2 transferred from the gas phase and b) is the uptake of CO2 in 
the liquid phase. 
    At least for the absorption part, it can be seen the there is good agreement between experiments and simulation for 
both the liquid and vapour phases, save for a few points. However, the same is not observed for the stripper.    Based on 
the available measurements for the stripping section; the most important comparison (between model and experiment) 
that could be done is the loading for the lean solution coming from the reboiler. As can be seen from Figure 9 there are 
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appreciable discrepancies between experiment and simulation for the lean loading though a notable agreement for some 
points exists. 
    To mitigate the scatter, the absorber and stripper sections were then modeled separately. Even so, the discrepancies 
for the desorption section were still beyond acceptable margins.  It was not possible to establish the real source/cause of 
the significant mismatch for correction at present. Nevertheless, it is suspected that the problems are associated with the 
soft-model approach used for the thermodynamics of the KSAR system. While the approach seems to be fairly adequate 
for the absorber conditions, it might have been oversimplified to handle the stripper conditions.  
 
 
Figure 9: Parity plot of the lean loading for comparing the model and experiments. The solid line represents y=x, where 
the all the points should be lying in an ideal situation. 
 
4 Conclusions 
 
In this paper an amino acid salt system was tested with a laboratory pilot plant. Both experimental and simulation 
results show clearly that the amino acid salt system has a high absorption rate. Nonetheless, the solvent exhibited 
significantly high energy requirement relative to MEA. The high reflux ratio and high temperatures in reboiler and 
stripper essentially give weight to (support) this conclusion.  
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